The microstructure and mechanical properties of TiAl 3 /Al 2 O 3 in situ composite by combustion process are investigated in details. Pure Al powder and TiO 2 powder were mechanically milled with a molar ratio of 13 : 3 at 300 rpm for 18 ks. This milling powder's green compact coldpressed at 200 MPa for 0.3 ks sintered at 923 to 1173 K for 1.8 ks under Ar atmosphere. The microstructure of the sintered compact was identified by XRD, SEM and TEM/EDS. Mechanical properties were evaluated by Vickers hardness and indentation fracture toughness tests. The compacts at less than 973 K consist of a TiAl 3 phase and remained phases of Al and TiO 2 , while the compact at more than 1023 K consist of TiAl 3 matrix, dispersed Al 2 O 3 particles and some plate like Ti 3 Al phase. The compacts at more than 1023 K have the higher hardness around 800 Hv compared to TiAl 3 single phase compact with 450 Hv. The fracture toughness of TiAl 3 /Al 2 O 3 composite is about two times TiAl 3 single phase compact. This improvement of hardness and toughness is attributed to the effect of the microstructure formation of dispersed Al 2 O 3 particles and Ti 3 Al plate like phase in the TiAl 3 matrix.
Introduction
Titanium aluminide alloys are expected as light high temperature materials because of the high specific strength in high temperature environment. In the TiAl binary system, there are 5 kinds of intermetallic such as Ti 3 Al, TiAl, ¤ phase, TiAl 2 and TiAl 3 .
1) Especially, Ti 3 Al, TiAl and TiAl 3 are expected as high temperature materials. Ti 3 Al and TiAl are predominant candidate for the practical use. On the other hand, the mechanical properties of TiAl 3 are not enough for the practical use because of poor toughness and ductility compared to Ti 3 Al and TiAl.
2) However TiAl 3 is expected as light high temperature materials due to the superior oxidation resistance. It is reported that the plasticity of TiAl 3 is improved by the addition of other elements. 3, 4) Then, due to improving toughness of TiAl 3 , TiAl 3 composite with fine Al 2 O 3 particle is fabricated by the combustion process and its microstructure and mechanical properties of the TiAl 3 /Al 2 O 3 composite are evaluated in detail.
Experimental Procedure
Pure Al powder (99.7% purity) and TiO 2 (Anatase) powder (99% purity) were used in this study. The initial particle sizes of the pure Al and TiO 2 powders were approximately 60 and 0.2 µm, respectively. At first, pure Al powder and TiO 2 powder were mechanically milled with a molar ratio of 13 : 3 at 300 rpm for 18 ks to fabricate a composite powder. These TiAl 3 and Al 2 O 3 phase are formed by the combustion process. 5, 6) The sintering at more than 1023 K is required for the fabrication of the TiAl 3 /Al 2 O 3 composite. Fig. 3(a) . The SADP of Fig. 3(b) reveals that a crystal structure of this phase corresponds to D0 19 structure. The EDS results of TEM reveal that the average composition of this phase demonstrates Ti : Al of 75:1 : 24:9. Therefore, this plate like phase corresponds to Ti 3 Al phase. The formation mechanism of Ti 3 Al is not clarified yet and a further study will make clear this formation. The TiAl 3 composites with fine dispersed Al 2 O 3 particles and the plate like Ti 3 Al phase are fabricated by the sintering at more than 1023 K. Figure 4 shows the result of the Vickers hardness test of the compact sintered at 923, 973, 1023 and 1173 K. The compacts at less than 973 K show the low hardness, while the compact at more than 1023 K is performed the higher hardness around 800 Hv. This hardness value is very high compared to the hardness (450 Hv) of TiAl 3 single phase as shown in Fig. 4 . This improvement of hardness is attributed to the effect of fine dispersed Al 2 O 3 in the TiAl 3 matrix. Figure 6 shows SEM micrograph of a corner of the indentation in TiAl 3 / Al 2 O 3 composite. The white dotted line shows a trace of the Vickers indentation. The crack produced by the Vickers indentation is obstructed by the fine Al 2 O 3 particle and it is clear that the Al 2 O 3 particle has a role of the obstacle for the propagation of the crack. Furthermore, the Ti 3 Al plate like phase is deformed by the Vickers indentation as shown by arrows in Fig. 6 . Therefore, the formation of Ti 3 Al phase can be expected to improve the ductility of TiAl 3 matrix.
F 8) The present studies composite produced by powder metallurgy process show a relative density of 87%. The low hardness compared to the composite by squeeze casting is attributed to low relative density. This suggests that the mechanical properties can be improved by changing the sintering process. The present studies composite consists of TiAl 3 matrix and dispersed fine particle Al 2 O 3 and plate like Ti 3 Al phase as shown in Figs. 2(c) and 2(d) so that this composite is greatly expected on the improvement of mechanical properties at the elevated temperature.
Conclusion
TiAl 3 composites containing fine dispersed Al 2 O 3 particle were fabricated via mechanical milling (MM) followed by conventional sintering. The compacts at less than 973 K consist of a TiAl 3 phase and remained phases of Al and TiO 2 , while the compacts at more than 1023 K consist of TiAl 3 
